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Abstract 38 
Background:  The Gulf Cooperation Council (GCC) countries have among the highest prevalence of 39 
adult obesity and type 2 diabetes in the world. This study aimed to estimate the recent prevalence of 40 
obesity among school-age children and adolescents in the GCC States.     41 
Methods: The literature search for obesity prevalence data was carried out in July 2017 in Google 42 
Scholar, Physical education index, Medline, SCOPUS, WHO, 2007-2017, and updated in November 43 
2018.In addition, 22 experts from the GCC were contacted to check the search results, and to suggest 44 
and studies which or grey literature which had been missed. Eligible studies were assessed for quality 45 
by using the Joanna Briggs Institute (JBI) tool for prevalence studies. Conduct of the systematic review 46 
followed the Assessment of Multiple Systematic Reviews Tool (AMSTAR) guidance. A narrative 47 
synthesis was conducted.   48 
Results: Out of 392 studies identified, 41 full-text reports were screened for eligibility; 11 of which 49 
were eligible and so were included, from 3 of the 6 GCC countries (United Arab Emirates, Kuwait, 50 
Saudi Arabia). Surveillance seems good in Kuwait in compared to other countries, with one recent 51 
national survey of prevalence. Quality of the eligible studies was generally low-moderate according to 52 
the JNBI tool: representative samples were rare; participation rates low; power calculations were 53 
mentioned by only 3/11 studies and confidence intervals around prevalence estimates provided by only 54 
3/11 eligible studies; none of the studies acknowledged that prevalence estimates were conservative 55 
(being based on BMI-for-age). There was generally a very high prevalence of obesity (at least one 56 
quarter-one third of study or survey participants obese according to BMI-for-age), prevalence increased 57 
with age, and was consistently higher in boys than girls.   58 
Conclusions:  The prevalence of obesity among school-age children and adolescents appears to have 59 
reached alarming levels in the GCC, but there are a number of major gaps and limitations in obesity 60 
surveillance in the GCC states. More national surveys of child and adolescent obesity prevalence are 61 
required for the GCC states.  62 
PROSPERO registration number CRD420107392 63 
 64 
Keywords:  Children, Adolescents, Obesity, Body mass index, Systematic review, Gulf Cooperation 65 
council  (GCC). 66 
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Background 74 
The Gulf Cooperation council countries include Kuwait, the United Arab Emirates (UAE), Qatar, 75 
Bahrain, the Kingdom of Saudi Arabia (KSA), and Oman. The GCC countries have among the highest 76 
adult obesity and type 2 diabetes prevalence in the world [1-4] with rapidly increasing prevalence of 77 
adult obesity and diabetes in the past two decades [1]. Several factors have contributed to the high 78 
prevalence of obesity in the GCC countries [2], notably the very large and rapid increases in household 79 
income, with associated lifestyle changes that include reduced physical activity and increased 80 
consumption of obesogenic foods and drinks [5,6].  81 
  82 
Surveillance of childhood obesity is considered central to tackling the obesity epidemic [7], but there 83 
may be a number of important limitations in surveillance of child and adolescent obesity prevalence in 84 
the GCC at present. Specifically, we were unable to find a recent systematic review of obesity 85 
prevalence of children and adolescents in the GCC, so prevalence of the problem is unclear. Our initial 86 
scoping review also suggested that many previous studies combined the prevalence of overweight and 87 
obesity, and so the prevalence of obesity could not be determined. In addition, many previous studies 88 
in the GCC collected data over 10 years ago and these studies may now be out of date given the rapid 89 
increases in prevalence in the region [8, 9]. The recently published global estimates of obesity 90 
prevalence [10, 11] used data from the GCC countries which were also over 10 years old for example, 91 
so there is a need for  prevalence data from more recent studies and surveys. An additional problem 92 
with older evidence is the fact that definitions of child and adolescent obesity have evolved over the 93 
past decade. Specifically, the WHO definition of child and adolescent obesity based on BMI-for-age 94 
was not published until 2007, and was not in widespread use until some time after that. A further 95 
problem with existing obesity prevalence data is that systematic reviews demonstrating limitations of 96 
BMI-for-age as a surveillance tool (high specificity for excessive fatness, but only low-moderate 97 
sensitivity) have become available only relatively recently [12, 13] and recent obesity prevalence 98 
studies or surveys from the GCC countries may not have made allowances for this important source of 99 
bias in prevalence estimates.  100 
The primary aim of the present study was therefore to establish the recent (last 11 years) 101 
prevalence of obesity among school-age children and adolescents in the GCC states. Secondary aims 102 
were: to identify differences in prevalence between countries and between groups (e.g. by gender, age); 103 
to identify major gaps and weaknesses in the evidence base on obesity prevalence in the GCC. The 104 
study was intended  to help improve child and adolescent obesity surveillance in the GCC in future, so 105 
that public health action aimed at tackling the obesity epidemic in the GCC can be better informed [7].  106 
 107 
 108 
 109 
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 110 
Methods 111 
Registration and reporting of the systematic review  112 
This systematic literature review was reported in accordance with the Preferred Reporting Items for 113 
Systematic Reviews (PRISMA) guidelines [14]. The review protocol was registered on PROSPERO on 114 
the 10th September 2017 (registration number CRD420107392), the international prospective register 115 
for systematic reviews (http://www.crd.york.ac.uk/ NIHR_PROSPERO). The search strategy followed 116 
the PECO (population, exposure, comparator and outcome) format: population=school-age children and 117 
adolescents in the GCC countries; exposure=obesity as defined using BMI-for-age; comparator= any 118 
appropriate BMI-for-age reference data; outcome=prevalence of obesity among the general population 119 
since 2007.  120 
 121 
Literature search 122 
The literature search was originally conducted on 17 July 2017. The manuscript was submitted to this 123 
journal on 28th February 2018 and reviews were not received until October 2018, so the original searches 124 
were repeated on 2nd November 2018. Searches used the five most relevant electronic databases: 125 
Medline, Google Scholar, Physical education Index, SCOPUS and WHO. The search terms used in 126 
Medline are provided in Additional File Table 1, as required by the PRISMA checklist; terms were 127 
very similar in the other databases, though with small differences in syntax between databases. The 128 
electronic database searching was complemented by reference citation tracking (forward and backward) 129 
of the included studies and of previous reviews, consultation with GCC-based experts in the field, and 130 
a search for µJUH\OLWHUDWXUH¶ among the GCC experts (summarised in Additional File Table 2). 131 
 132 
Study Selection 133 
Inclusion criteria 134 
Studies were included if they satisfied all of the following inclusion criteria: Prevalence data were 135 
collected in the last 11 years, i.e. from Jan 2007 to end October 2018; from a GCC country (Bahrain, 136 
Kuwait, Qatar, Oman, KSA, UAE); they provided prevalence of obesity rather than overweight 137 
prevalence, or prevalence of overweight/obesity combined; they must have defined obesity using an 138 
accepted method for children and adolescents based on BMI-for-age; BMI must have been based on 139 
measured height and weight (rather than self-report or parental report); age of study participants 140 
between 5-19 years; study participants from the general population (e.g. not from clinical samples).  141 
 142 
Exclusion criteria  143 
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Studies were excluded if they addressed prevalence of obesity in middle Eastern countries that are not 144 
members of the GCC, with study participants outside the range 5-19; if prevalence data were collected 145 
earlier than 2007; if prevalence estimates from BMI-for-age were based on self-reported height or 146 
weight, or which combined prevalence of obesity and overweight so that obesity prevalence could not 147 
be ascertained. Studies that sampled from specific populations (e.g. clinical populations) were also 148 
excluded.   149 
  150 
All literature search hits, and all potentially eligible studies identified by forward and backward citation 151 
searching, were examined for eligibility independently by both authors. The two authors resolved 152 
differences of opinion over eligibility by discussion, and in a few cases, by asking for clarification of 153 
methods from the authors of the original studies (e.g. over the precise data collection period where this 154 
was unclear in a few cases). A list of studies excluded at the full-text screening stage, with reason(s) for 155 
exclusion is providing in the supplementary material (Additional File Table 3). 156 
 157 
Data extraction 158 
A data extraction form was devised in advance of the process of data extraction and used to populate 159 
the evidence tables given in the Results section below, with summary data on prevalence of obesity 160 
(with 95% CI where possible) overall, and by subgroup as reported (e.g. by age, gender, definition of 161 
obesity). Both authors independently populated the data extraction forms, and they resolved any 162 
differences of opinion by discussion. 163 
 164 
Quality assessment-appraisal of eligible studies 165 
The quality of individual eligible studies was assessed by both authors independently  using the 166 
Joanna Briggs Institute (JBI) checklist for assessment of the quality of prevalence studies [15]. Two 167 
additional aspects of prevalence study quality which are specific to obesity were also considered and 168 
added to the data extraction forms: the timing of data collection-given recent rapid increases in 169 
obesity prevalence in the GCC; [8,9];  whether biases arising from use of the BMI-for-age to estimate 170 
obesity prevalence [12,13] had been considered by the authors (e.g. reported in the Discussion and/or 171 
used to adjust prevalence estimates in the Results). 172 
 173 
Guidance on maintaining the quality of the systematic review 174 
In an attempt to ensure high quality of the present review process the authors planned and conducted 175 
the review by addressing each of the items in the Assessment of multiple systematic reviews tool 176 
(AMSTAR [16]) checklist -the process is summarised in Table 1  177 
Synthesis of study findings 178 
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A meta-analysis of review findings was considered desirable if practical, but it was recognised that 179 
marked gaps in the evidence and /or differences between studies, e.g. differences in age or sex, ethnicity 180 
or socio-economic status of the samples, differences in time period [17], differences arising from 181 
differences in the definition of obesity used -which would be expected to be marked [12]-might preclude 182 
meta-analysis. Publication bias assessment was also considered desirable if possible. 183 
 184 
 185 
Results 186 
Eligible studies and study selection process: 187 
The PRISMA flow diagram is provided in Figure 1. In the original search twenty-two potentially 188 
eligible papers were identified for full-text eligibility screening by both authors by the conventional 189 
literature searching and a further 17 papers/surveys from the grey literature were suggested by expert 190 
contacts in the GCC and all of those were full-text screened by both authors. The search update in 191 
November 2018 identified further studies for full-text screening but no additional eligible studies, so 192 
only 11 eligible papers/survey reports were identified, reporting 13 separate prevalence estimates, from 193 
3 of the 6 GCC countries (UAE, Kuwait, KSA): there were no eligible studies from Oman, Bahrain, 194 
and Qatar. In summary, the number of eligible studies in the GCC countries was limited and the 195 
studies/surveys themselves differed substantially by time, sample age and sex, ethnicity, and by 196 
definitions of obesity used. No formal assessment of publication bias was possible given the small 197 
number of eligible studies, and so a narrative synthesis, by nation, is provided below. 198 
 199 
Study quality appraisal 200 
The formal appraisal of study quality for the 11 eligible studies/surveys is summarised in Table 2. A 201 
number of the quality assessment items were not reported or not carried out, in particular the use of 202 
nationally representative samples was rare (1/11 eligible studies), and few studies reported power 203 
calculations or confidence intervals for their prevalence estimates (only 3/11 provided confidence 204 
intervals). In addition, few of the eligible studies/surveys were recent: 9 out of 11 studies collected data 205 
over 7 years ago. Finally, consideration of biases arising from use of BMI-for-age was not carried out 206 
(0/11 eligible studies referred to this major source of bias). 207 
 208 
Narrative synthesis by GCC nation 209 
UAE 210 
Table 3 summarises the three eligible studies from the UAE [18-20]. None of the three studies used 211 
representative samples, though one study [18] was very large (n = 44,942), relatively recent (data 212 
collection 2013-2015), included both nationals and non-nationals, and included a wide age range (3-18 213 
years). In this study [18] by  prevalence of obesity according to the WHO definition exceeded one third 214 
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of the sample in the secondary school-age participants, and there was clear evidence of increasing 215 
prevalence with increasing age. The highest prevalence was recorded for age 11-14 years.  In  two of 216 
the three studies from the UAE [19, 20] obesity prevalence estimates were provided using more than 217 
one definition of obesity, and in both cases prevalence was substantially lower using the International 218 
Obesity Task Force (IOTF) compared to the alternative definitions (from the US Centers for Disease 219 
Control and WHO respectively). In the one study which considered differences in obesity prevalence 220 
between the sexes, prevalence was much lower among girls than boys [19] . 221 
 222 
KSA 223 
Table 4 summarises the evidence from the two eligible studies in the KSA [21,22]. Neither of these 224 
studies was based on nationally representative samples. Both studies included adolescents only, and in 225 
both studies prevalence of obesity was much higher in boys than girls.  226 
 227 
Kuwait 228 
Table 5 summarises the 8 eligible studies from Kuwait. A number of the eligible studies were not based 229 
on representative samples, were not very recent, and had relatively small samples. The most informative 230 
of the data sources from Kuwait was the large and recent nationally representative survey from 2016 231 
[28]. In this survey there was clear evidence of increasing prevalence of obesity with increasing age, 232 
and by adolescence one-quarter to one third of participants were obese according to the WHO definition. 233 
Among the other 7 eligible studies from Kuwait (Table 5), 3 reported comparisons between prevalence 234 
estimates according to the definition of obesity used. Prevalence estimates were generally lower with 235 
the IOTF definition than the CDC and WHO BMI-for-age definitions (Table 5). Four studies compared 236 
prevalence between the sexes, and in all cases found that prevalence was lower among girls than boys, 237 
though prevalence was still high among the girls (typically ranging between 20% and 45% of girls in 238 
the samples studied). 239 
 240 
Discussion 241 
This systematic review showed that evidence on the prevalence of obesity among school age children 242 
and adolescents in the GCC states is limited. Only one nationally representative survey was identified, 243 
and only 3/6 GCC states had any eligible data from the past 11 years, with multiple gaps in the evidence 244 
(e.g. for certain age groups) and weaknesses in the evidence (e.g. reliance on non-representative 245 
samples, lack of national surveys). More extensive and higher quality surveillance of obesity among 246 
school age children and adolescents in the GCC is required in future if the GCC states are to address 247 
the obesity epidemic effectively [7]. Regular high quality surveillance is essential to assess the scale of 248 
the obesity problem, to identify trends and inequalities, to drive obesity prevention and control 249 
measures, and to assess the impact of policy measures aimed at obesity prevention and control [7].  250 
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 251 
 252 
Despite limitations in the evidence base on obesity prevalence in the GCC nations noted above, some 253 
trends were apparent from the 11 eligible studies. First, the prevalence of obesity according to BMI-254 
for-age was very high. For example, prevalence of obesity in UAE according to the WHO definition 255 
exceeded one third of the sample in the secondary school-age participants, and increased with increasing 256 
age. One-quarter to one third of participants were obese according to the WHO definition in the Kuwaiti 257 
national survey. Moreover, BMI-for-age substantially underestimates the prevalence of obesity 258 
(excessive fatness) in children [12,13]  so µWUXH¶SUHYDOHQFHRIREHVLW\LQWKHVHVWXGLHVLQWKH*&&ZRXOG259 
have been even higher if this bias arising from use of the BMI had been accounted for. None of the 260 
eligible studies or surveys acknowledged that their prevalence estimates were subject to this source of 261 
bias, or attempted to adjust for it.  A large recent study [29] across Africa found that the WHO-BMI-262 
for-age definition of obesity only identified around one third of children with excessive body fatness 263 
measured by a reference method (Total Body Water).Second, in most of the eligible studies the 264 
prevalence of obesity was higher in boys than girls, suggesting that this is a real difference in 265 
susceptibility to paediatric obesity in the GCC states. It should be noted that prevalence of obesity 266 
among the girls would also be regarded as very high relative to other nations [10,11]. Third, the eligible 267 
studies and surveys which compared prevalence estimates by the different definitions based on BMI-268 
for-age found consistently that prevalence was substantially lower when the IOTF definition of obesity 269 
was used compared to definitions based on the CDC or WHO, consistent with previous evidence [12].   270 
  271 
There are no previous systematic reviews of the prevalence of child or adolescent obesity from the 272 
GCC, and so the results of the present study cannot be compared easily with other evidence. 273 
Comparisons of prevalence of obesity among children and adolescents in the GCC with those living in 274 
other countries is also difficult because of differences in the timing of the studies, differences in the 275 
definitions of obesity used, and whether or not obesity prevalence estimates (as distinct from overweight 276 
prevalence estimates, or prevalence of overweight and obesity combined) can be found in published 277 
studies.   278 
 279 
The present review found major limitations of obesity surveillance in the GCC, notably the apparent 280 
lack of any recent surveillance data from 3 of the 6 GCC countries, the availability of nationally 281 
representative sample data from only 1/6 GCC countries, the small sample sizes and scarcity of power 282 
calculations (and confidence intervals around prevalence estimates), and the fact that bias in the use of 283 
BMI-for-age to generate prevalence estimates was not considered by any of the 11 eligible 284 
studies/surveys. In addition, eligible study and survey response rates were often very low (under 50%), 285 
and not reported in all of the eligible studies and surveys. It should be noted that many of the studies 286 
did not set out to obtain nationally representative samples, and estimating obesity prevalence was not a 287 
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primary aim of all of the eligible studies. In addition, a checklist for guiding/assessing the quality of 288 
prevalence studies [15] only became available after many of the eligible studies were conducted. Future 289 
studies and surveys of child and adolescent obesity prevalence in the GCC states and elsewhere may 290 
find it useful to refer to the checklist for assessment of prevalence study quality used in the present 291 
study [15]. 292 
 293 
This review had a number of strengths. First, it focused on obesity-rather than overweight and obesity. 294 
While obesity and overweight are often combined somewhat casually in paediatric prevalence studies 295 
they are not equivalent clinically or biologically in children, as in adults: there is currently a very large 296 
body of consistent evidence of adverse health effects of obesity in childhood and adolescence [30, 31], 297 
but the adverse health impact of overweight in childhood and adolescence is much less clear at 298 
present.Second, the present review attempted to provide evidence of most relevance and highest quality, 299 
by including only relatively recent studies, and only those which used acceptable objective measures of 300 
obesity (rather than self-or parent reports), and by formal appraisal of study quality.The conduct of the 301 
present systematic review was also intended to follow best practice, by using the AMSTAR  tool as a 302 
guide to the process, and reporting of the review followed PRISMA guidance. Finally, by making use 303 
of extensive expert contacts in all of the 6 GCC states, the probability that eligible studies and surveys 304 
(including grey literature) were not identified by the conventional literature search was reduced.    305 
 306 
The present review also had a number of limitations. The number of eligible studies was relatively small 307 
due in part to our decision to exclude studies which collected data prior to 2007. The rationale for this 308 
is that we included only recent studies to provide up to date information, especially important given 309 
likely recent rapid increases in obesity prevalence in the GCC [1-4, 8,9 ].  Including older studies would 310 
have increased the size of the evidence base, but also made it much less generalisable to contemporary 311 
GCC populations. The literature search was limited to English language for practical reasons, but any 312 
grey literature or other studies suggested by expert contacts in the GCC published in Arabic would also 313 
have been considered if identified. The first author is from Kuwait, which may have biased the grey 314 
literature searching towards Kuwaiti sources of evidence. However, author connections in relevant 315 
institutions in the rest of the GCC are good, and responses from those contacts were generally 316 
informative (Additional File 2). It therefore seems unlikely that useful sources of evidence from the 317 
other GCC states, such as recent nationally representative surveys, were missed.  318 
 319 
Conclusions 320 
There is a major gap in the literature on the childhood and adolescent obesity prevalence in the GCC 321 
states, with the exception of Kuwait. New research/surveys are needed for those countries in the GCC 322 
apparently not doing surveillance of child and adolescent obesity prevalence. For those countries where 323 
10 
 
studies and surveys have been carried out, greater attention could be paid to the quality appraisal issues 324 
identified by the present review. 325 
 326 
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CDC = Centers for Disease Control and Prevention 328 
BMI =Body mass index 329 
IOTF= International Obesity Task Force 330 
WHO  =World Health Organization 331 
  KSA =Kingdom of Saudi Arabia 332 
UAE =United Arab Emirates 333 
AMSTAR=Assessment of systematic reviews tool. 334 
GCC= the Gulf Cooperation Council 335 
 JBI= Joanna Briggs Institute  336 
  337 
11 
 
 338 
Declarations 339 
Ethics approval and consents to participate: Not applicable 340 
Availability of data and material: Available from the corresponding author on reasonable request 341 
Competing interests: The authors declare that they have no competing interests. 342 
Funding: Public Authority for Applied Education and Training, Kuwait; Kuwait Cultural Office; 343 
Scottish Funding council. 344 
Author contributions: Initial study concept: JJR; Study design: both authors;.Searching: HA. 345 
Eligibilty checking, Data extraction, Study quality assessment, both authors.  Drafting of manuscript 346 
HA; Critical revisions of manuscript JJR. All authors read and approved the final version of the 347 
manuscript 348 
Consent for publication: Not applicable. 349 
Acknowledgments: The authors would to like to acknowledge the support of the Ms Sarah Kevill, 350 
specialist librarian, for help with the literature searching; Dr Anne Martin for providing the prevalence 351 
study critical appraisal tool;  all the academics who responded to emails  requesting comments on the 352 
literature search, and requests for  grey literature in the GCC states. 353 
 354 
 355 
 356 
 357 
 358 
 359 
 360 
References Cited 361 
1. Abdul-Rasoul MM: Obesity in children and adolescents in Gulf countries: facts and solutions. 362 
Advances en Diabetología 2012, 28(3):64-69. 363 
2. Al-Awadhi N, Al-Kandari N, Al-Hasan T, AlMurjan D, Ali S, Al-Taiar A: Age at menarche 364 
and its relationship to body mass index among adolescent girls in Kuwait. BMC Public Health 365 
2013, 13(1):29. 366 
3. Hammad SS, Berry DC: The child obesity epidemic in Saudi Arabia: a review of the literature. 367 
J Transcult Nurs 2016.28: 505-515. 368 
4. Boodai SA, Reilly JJ: Health related quality of life of obese adolescents in Kuwait. BMC 369 
Pediatr 2013, 13:105. 370 
5. Al-Haifi AR, Al-Fayez MA, Al-Athari BI, Al-Ajmi FA, Allafi AR, Al-Hazzaa HM, Musaiger 371 
AO: Relative contribution of physical activity, sedentary behaviors, and dietary habits to the 372 
prevalence of obesity among Kuwaiti adolescents. Food Nutr Bull 2013, 34(1):6-13. 373 
12 
 
6. Ng SW, Zaghloul S, Ali HI, Harrison G, Popkin BM: The prevalence and trends of overweight, 374 
obesity and nutrition-related non-communicable diseases in the Arabian Gulf States. Obesity 375 
Reviews 2011, 12(1):1-13. 376 
7. Report of the Commission on Ending Childhood Obesity Implementation Plan. 377 
WHO/NMH/PND/ECHO/17.1, WHO 2017 ] 378 
8. Alshaikh MK, Filippidis FT, Al-Omar HA, Rawaf S, Majeed A, Salmasi A-M: The ticking time 379 
bomb in lifestyle-related diseases among women in the Gulf Cooperation Council countries; 380 
review of systematic reviews. BMC Public Health 2017, 17(1):536. 381 
9.  Al-Refaee FA, Al-Qattan SA, Jaber SM, Al-Mutairi AA, Al-Dhafiri SS, Nassar MF: The rising 382 
tide of overweight among Kuwaiti children: study from Al-Adan Hospital, Kuwait. Medical 383 
Principles and Practice 2013, 22(6):600-602. 384 
10. Abarca-Gómez L, Abdeen ZA, Hamid ZA, Abu-Rmeileh NM, Acosta-Cazares B, Acuin C, 385 
Adams RJ, Aekplakorn W, Afsana K, Aguilar-Salinas CA: Worldwide trends in body-mass 386 
index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 387 
population-based measurement studies in  children, adolescents, and adults. The Lancet 2017; 388 
390(10113):2627-2642. 389 
11. The Global Burden of Disease Collaborators. Health Effects of Overweight and Obesity in 195 390 
Countries over 25 Years.. N Engl J Med 2017, 377(1):13-27. 391 
12. Reilly JJ, Kelly J, Wilson DC: Accuracy of simple clinical and epidemiological definitions of 392 
childhood obesity: systematic review and evidence appraisal. Obes Rev 2010, 11(9):645-655. 393 
13. Javed A, Jumean M, Murad MH, Okorodudu D, Kumar S, Somers VK, Sochor O, Lopez-394 
Jimenez F: Diagnostic performance of body mass index to identify obesity as defined by body 395 
adiposity in children and adolescents: a systematic review and meta-analysis. Pediatr Obes 396 
2015, 10(3):234-244. 397 
14. Moher D, Liberati A, Tetzlaff J, Altman DG, The PG: Preferred Reporting Items for Systematic 398 
Reviews and Meta-Analyses: The PRISMA Statement. PLOS Medicine 2009, 6(7):e1000097. 399 
15. Joanna Briggs Institute. Quality appraisal tools. Checklist for prevalence 400 
studies.joannabriggs.org/research/critical-appraisal-tools.html 401 
16. Assessing the quality of systematic reviews. AMSTAR checklist. 402 
www.amstar.ca/Amstar_checklist.html 403 
17.     Reilly JJ: Descriptive epidemiology and health consequences of childhood obesity. Best 404 
practice & research clinical endocrinology & metabolism 2005, 19(3):327-341. 405 
18. AlBlooshi A, Shaban S, AlTunaiji M, Fares N, AlShehhi L, AlShehhi H, AlMazrouei A, Souid 406 
AK: Increasing obesity rates in school children in United Arab Emirates. Obesity Science & 407 
Practice 2016, 2(2):196-202. 408 
13 
 
19. Musaiger AO, Al-Mannai M, Tayyem R, Al-Lalla O, Ali EY, Kalam F, Benhamed MM, Saghir 409 
S, Halahleh I, Djoudi Z et al: Prevalence of overweight and obesity among adolescents in seven 410 
Arab countries: cross-cultural study. J Obes 2012, 2012:981390 411 
20.  Al Junaibi A, Abdulle A, Sabri S, Hag-Ali M, Nagelkerke N: The prevalence and potential 412 
determinants of obesity among school children and adolescents in Abu Dhabi, United Arab 413 
Emirates. Int J Obes 2013, 37(1):68-74. 414 
21.  Al-Hazzaa HM, Abahussain NA, Al-Sobayel HI, Qahwaji DM, Alsulaiman NA, Musaiger AO: 415 
Prevalence of overweight, obesity, and abdominal obesity among urban Saudi adolescents: 416 
gender and regional variations. J Health, Pop, Nutr 2014, 32(4):634-645.  417 
22.  Musaiger AO, Al-Mannai M, Al-Haifi AR, Nabag F, Elati J, Abahussain N, Tayyem R, 418 
Jalambo M, Benhamad M, Al-Mufty B: Prevalence of overweight and obesity among 419 
adolescents in eight Arab countries: comparison between two international standards 420 
(ARABEAT-2). Nutr Hosp 2016, 33(5):567  421 
23. El-Ghaziri M, Boodai S, Young D, Reilly JJ: Impact of using national v. international 422 
definitions of underweight, overweight and obesity: an example from Kuwait. Public Health 423 
Nutr 2011, 14(11):2074-2078 424 
24.  Elkum N, Al-Arouj M, Sharifi M, Shaltout A, Bennakhi A: Prevalence of childhood obesity in 425 
the state of Kuwait. Pediatr Obes 2016, 11(6):e30-e34.  426 
25.  Al Rashidi M, Shahwan-Akl L, James J, Jones L: Contributing factors to childhood overweight 427 
and obesity in Kuwait. Int J Health Sci 2015, 3(1):133-155.  428 
26. Kuwait Nutrition Survey: Ministry of Health (Kuwait). Annual Report 2016 429 
27.  Body mass index versus deuterium dilution method for establishing childhood obesity 430 
prevalence . Diouf A, Aouiet A,Germana LH, Loechl C, Monyeki A, El Hamdouchi A, 431 
Nashandi H, Joonas N, Reilly JJ. WHO Bull 2018;96: 772-781. 432 
28. JJ Reilly, CJ Kelnar, DW Alexander, B Hacking, ZC McDowell, ML Stewart, E Methven. 433 
Health consequences of obesity Arch Dis Child 2003; 88: 748-752. 434 
29.  JJ Reilly & J Kelly Long-term impact of childhood obesity on adult morbidity and premature 435 
mortality: systematic review. Int J Obes 2011; 35: 891-898. 436 
 437 
 438 
 439 
Figure Legends 440 
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Additional File 1 Title. Literature search terms in Medline. Description. Search terms and syntax in 444 
Medline. 445 
Additional File 2 Title. GCC experts consulted on search findings and missing studies. Description. 446 
Summary of experts contacted to check on search results, their affiliations, and their responses.  447 
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 471 
Table 1 AMSTAR Self-assessment of the process used in the present study 472 
Questions  Yes/NO Answers in detail 
 
1) Did we have a PICO/PECO Yes  Population= children and adolescents of school-age 
as defined by WHO (5-19yrs) from GCC countries; 
E=exposure= obesity defined using an acceptable 
method based on BMI-for-age; 
Comparator=any appropriate reference data  
Outcome= prevalence of obesity rather than 
overweight and not overweight/obesity combined, 
from 2007 onwards.  
 
2) Did we specify review 
methods in advance of doing the 
review? 
Yes  Registered in PROSPERO ref.CRD42017073692 
3) Did we explain/justify 
inclusion criteria (based on 
study design)?  
 Yes We did not exclude any study design, but RCT not 
likely to be that relevant (though RCT could contain 
relevant data and so not excluded) 
4) Did we have a 
comprehensive lit search 
strategy?
  
Yes  Electronic databases from 2007-2018: See Methods 
and Additional File 1. 
 
We were resourced to search for English language 
publications only, though literature suggested by 
expert contacts in the GCC (including grey literature) 
in Arabic would have been considered eligible. 
 
Searched reference lists of eligible studies? Yes, both 
forward and backwards citation searching was carried 
out. 
Consulted experts ? Yes-list of n= 22 expert contacts 
in all GCC countries was consulted in October-
November 2017.The experts from the GCC were 
asked to check on the results of the literature search 
and if they were aware of any  grey literature which 
was relevant ( e.g. national surveys) 
Search within 24 month of planning the search - Yes, 
within 2 months 
5) Did review authors agree on 
inclusions/exclusions of full text 
potentially eligible studies? 
Yes Both authors agreed on inclusions/exclusions of the 
full text articles screened 
 
6) Data extraction from eligible 
studies- did both review authors 
do this/check this? 
Yes  Both authors agreed on data extraction from the 
eligible studies 
7) Is a list of all excluded 
studies provided, including the 
reasons for exclusion? 
Yes Appendix of excluded studies and reasons for 
exclusion is provided (Additional File 4).  
8) Does the data extraction and 
narrative (Evidence tables and 
text) provide enough detail 
about the eligible studies? 
Yes  Text summarises the eligible studies, and details of 
eligible studies are provided in Evidence Tables 
(Results section)  
9) Did the review authors 
consider risk of bias? 
Yes  Results section (Evidence Tables) contains data on 
possible sources of bias including: sample size; 
16 
 
representativeness of sample; bias arising from 
definition of obesity used. 
10) Did the review authors 
report sources of funding of 
their review? 
Yes Kuwait Cultural Office and Scottish Funding Council 
11. & 12 Did the review authors 
do a meta-analysis? (Was this 
appropriate?) 
No No meta-analysis possible dues to degree of 
differences in study design and methods: different 
nations; differences in factors which create 
differences in prevalence estimates- different 
definitions of obesity, different age groups, different 
sex distributions in studies 
13) Did the review authors 
consider sources of bias in 
eligible studies? 
Yes  As above- the evidence tables deal with 
representativeness, sample size/power calculations, 
and biases in the definitions of obesity used by the 
studies 
 
14) Did review authors consider 
sources of heterogeneity in 
eligible studies? 
Yes Different times, different obesity definitions, different 
ages and sexes, different countries and places all 
considered   
15) Did review authors consider 
other sources of bias (in 
particular publication bias) 
N/A No formal testing for publication bias was possible 
due to small number of eligible studies. 
Main sources of bias in prevalence studies were 
considered: sample size and representativeness; use 
of BMI to estimate obesity prevalence is biased 
(underestimates obesity prevalence) as noted in the 
manuscript. 
16) Did review authors consider 
any conflicts of interest which 
arose when doing their review? 
Yes No conflicts to declare 
 473 
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Table 2 Study quality appraisal summary using the Joanna Briggs Institute, JBI, tool [15] 474 
475 
Criteria- 
Paper 
AlBlooshi, 
2016  
[18] 
AlJunaibi, 
2013 
[20] 
Musaiger, 
2012 
[19] 
Al-
Hazzaa, 
2014  
[21] 
Musaiger, 
2016  
[22] 
Al-
Awadhi, 
2013 
[2] 
Al-Haifi, 
2013 
[5]  
Alrashidi, 
2015  
[25] 
El-
Ghaziri, 
2011 
[23]  
Elkum, 
2016  
[24] 
KNSS,* 
2016 
[26]  
1. Sampling frame 
appropriate? 
No No No No No No No No No No No 
2. Sample 
appropriate? 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear 
3. Sample size 
adequate? 
Unclear   No Yes   Yes Yes Unclear Unclear Unclear Unclear No Yes 
4. Subjects & 
settings 
described? 
Yes Yes No Yes Yes Yes Yes Yes Yes Yes No 
5. Analysis 
conducted to 
ensure 
coverage? 
No No No No No Yes Unclear No No No No 
6. Valid methods 
used to define 
obesity? 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes  Yes 
7. Obesity defined 
in same way for 
all subjects? 
Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes Yes 
8. Appropriate 
analysis? 
(numerator, 
denominator, %, 
CI) 
No Yes No No No Yes No No Yes No No 
9. Response rate 
adequate/dealt 
with? 
No Yes No No No Yes No No No No No 
Total/9 4 5 5 5 5 7 4 4 5 4 3 
*Kuwait Nutrition Surveillance System   
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Table 3.  Obesity Prevalence, UAE 476 
 477 
Author and  
Year 
Sample Size and age (n) Data 
Collection 
(Years)  
Definition of Obesity Used Obesity Prevalence (%) by 
Definition  
Comments on Obesity 
Prevalence Estimates 
Al Blooshi 
et al., 2016) 
[18] 
44,942 (Males and females) age 
3-18 years 
 
This study was conducted in 
two phases; the first phase was 
in 2013-2014(n= 15,532) age 4-
12 years.  
 
The second phase was in 2014-
2015 (n= 29,410) 
n=27,078 nationals and  2,332 
non-nationals age 3-18 years . 
 
2013-2015  International Obesity Task 
Force (IOTF), World Health 
Organization 2007 (WHO), 
and Centers for Disease 
Control (CDC)  
Prevalence estimates for the 
nationals only 
 
 
 
Age  IOTF WHO CDC 
3-6 5.2 11.2 7.4 
7-10 12.4 27.0 16.7 
11-14 18.9 37.5 24.3 
15-18 19.3 33.8 22.2 
The sample was 
apparently not 
representative of the 
UAE.   
 CIs given for 
prevalence estimates: 
No 
Biases considered: No  
Prevalence higher in 
boys than girls and 
generally higher in older 
than younger individuals 
Musaiger et 
al., 
2012)[19] 
605 adolescents aged from 15 
to 18 years ( n= 262 males , 
243 females)  
 
 
2010-2011  IOTF and CDC  
 
SEX  IOTF CDC 
Male 19.1 22.5 
Female 6.6 7.0 
 
 
 
The sample was 
apparently not 
representative of the 
UAE. 
Biases considered: No  
CIs given for prevalence 
estimates: No 
Prevalence higher in 
boys than girls 
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Al Junaibi  
et al 2013 
[20] 
1541, aged 6-19 years (n=1770 
males, n=770 females)  
January-
December 
2011 
IOTF and CDC  
SEX IOTF CDC 
Male  -  21.4 
Female - 18.1 
 
 
 
 
The sample was 
representative of Abu 
Dhabi but not the entire 
UAE. 
CIs given for prevalence 
estimates: No 
Biases considered: No 
The authors used IOTF 
to define obesity 
prevalence but data 
using IOTF not shown.  
Prevalence higher in 
older individuals and 
slightly higher in boys 
than girls 
 
 478 
 479 
 480 
 481 
 482 
 483 
 484 
 485 
 486 
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Table 4. Obesity Prevalence, Kingdom of Saudi Arabia  487 
 488 
  489 
Author and  
year 
Sample size (n) and age of 
sample 
Data 
collection 
(Years) 
Definition of 
obesity used 
Obesity prevalence by 
methods 
Comments on obesity prevalence 
estimates 
Al-Hazzaa et 
al., 2014) [21] 
2,908  (n=1,401 males, 
n=1,507 females) aged 14 to 
19 years  
2009-2010 IOTF 
SEX IOTF 
Male  24.1 
Female 14.0 
 
The sample was apparently representative 
of Al-Khobar, Jeddah and Riyadh , but not 
representative of KSA  
CIs given for prevalence estimates: No 
Biases considered: No  
Prevalence higher in boys than girls 
Musaiger et 
al., 2016) [22] 
968  adolescents  aged 15-
18 years (n=518 males, 
n=450 females)  
2013-2014 IOTF,  WHO 
  
 
 
SEX  IOTF WHO 
Male 24.3 35.5 
Female 15.3 8.0 
 
   
The sample represents Dammam city but 
was apparently not representative of KSA.   
CIs given for prevalence estimates: No 
 Biases considered: No  
Prevalence higher in boys than girls 
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Table 5. Obesity Prevalence, Kuwait  490 
Author and  
year 
Sample size (n) and age Data 
collection 
(Years) 
Definition of 
obesity used 
Prevalence by methods Comments on obesity 
prevalence estimates 
  Al-Haifi et al., 
2013) [5] 
906 (males n=463, females 443) 
aged between 14 and 19 years 
2009-2010 IOTF, WHO  
SEX  IOTF WHO 
Male 25.5 - 
Female 21.0 - 
 
 The sample  was  from 
Kuwait city, but 
apparently not 
representative of Kuwait  
CIs given:  No 
Biases considered: No  
WHO method used for age 
18-19 years; but data not 
included. 
Prevalence slightly higher in 
boys than girls 
  El-Ghaziri et 
al.,(2011) [23] 
 499 10±14-years (males n=317, 
girls n=182). 
2009 
  
IOTF,WHO ,  
CDC  
  
IOTF CDC WHO 
44.1 44.9 50.5 
 
  The sample  was  from 
Kuwait city but apparently 
not representative of Kuwait  
Biases considered: No 
Prevalence differences 
between the sexes not given 
  Elkum et al., 
2016) [24] 
6,574 6-18 years (females 
n=3973, n=2601 males) 
2012-2013 IOTF,WHO,CDC  
  
 
Age  IOTF WHO CDC 
6 20.0 16.2 24.7 
10 29.7 30.2 36.0 
13 31.9 33.9 39.9 
18 27.3 19.9 28.0 
 
 The sample  was  from 
Kuwait city apparently not 
representative of Kuwait  
Biases considered: No  
Prevalence not given for the 
sexes separately. 
Musaiger et al., 
2016) [22] 
706 aged 15-18 years (n=343 
males , n=363females) 
2013-2014 WHO, IOTF  
 
SEX  IOTF WHO 
Male 28.6 40.5 
Female 21.1 31.2 
 
 
The sample  was  from 
Kuwait city, apparently 
not representative of 
Kuwait 
CIs given: No 
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Footnotes: There were no eligible published data or grey literature for 3 of the GCC countries:  Bahrain, Oman and Qatar 491 
Biases considered: No 
Prevalence higher in boys 
than girls 
Musaiger et al., 
2012) [19] 
4,698 age 15 to 18 years 
(n=2,240 males, n= 2,458 
females). 
2010-2011  IOTF, CDC SEX  IOTF CDC 
Male 34.8 42.1 
Female 20.6 21.1 
 
 
  The sample was apparently 
representative of Kuwait 
city, but not representative 
of Kuwait   
CIs given: Yes 
Biases considered: No 
Prevalence higher in boys 
than girls. 
Alrashidi et al 
2015 [25] 
960 11-14years females(n=480)  
and males (n=480 
 
February-
June 2013 
WHO  
SEX  Prevalence 
Male 37.6 
Female 35.6 
 
  The sample  was  from 
Kuwait city, apparently not 
representative of Kuwait 
CIs given: No 
Biases considered: No 
 
 
Al-Awadhi et al 
2013 [2] 
1,273 females, age 15-19 years 2010 CDC  
18.3% (95% CI: 16.2%-20.6%) 
The sample was apparently 
representative of Kuwait, 
CIs given: Yes 
Biases considered: No 
The Kuwait 
Nutrition 
Surveillance 
system:2016 
Annual 
report ,Ministry 
of Health [26] 
12,396, age 5-17years.  (n=6251 
males and n=6145 females)   
2016 WHO  
Overall prevalence of obesity 
was 25.9%  
  
Age   Prevalence 
5 13.5 
9 20.0 
11 33.1 
15 29.6 
17 26.7 
 
 The sample  was   
representative of Kuwait 
CIs given: No 
Biases considered: No 
Prevalence not given for the 
sexes separately. 
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Where authors acknowledged biases in prevalence estimation with BMI this has been noted. Where authors reported CIs for their prevalence estimates these 492 
have been provided in the tables. CDC Centers for Disease Control and Prevention. BMI Body mass index. IOTF International Obesity Task Force. WHO  493 
World Health Organisation. KSA Kingdom of Saudi Arabia. UAE United Arab Emirates  494 
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